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OXIDE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To easily produce 
lithium-cobalt multiple oxide having homogeneous 
crystals and a high performance electrode active 
material for a lithium secondary battery having high 
capacity and excellent in charge-discharge cycle 
characteristics at a low cost. 
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SOLUTION: A mixture of a lithium compd. and a cobalt 
compd. having 68.5±6 wt.% cobalt content on dry basis, 
substantially represented by the formula; H^CoOy (where 
O^xgl.4 and 1.3gyg2.2) and having >0.31** half-width 
of a diffraction peak at about 36-37.5" (2θ) in 
X-ray diffraction using CuKa as a line source is fired 
at 250-1 .OOO'C to produce the objective lithium-cobalt 
multiple oxide. 
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(54) B8iWO*»] Uf^'>A3/t;l/h«^g|^fc*©«&5ri* 



(57) [gii^ll 

^KlitH-HxC oOy [OSx^l. 4, 1. 3 
^yg2. 2] OTittfifc^C-eaia^tl-. CuKoSri^Mt 
-r5X|RlHlSfJr*3»t5 2 e =3 6~3 7. SftftjffOlHl 

#fii:*ffl[iigwii#y5s. ^m.m (m ^7. 5-0. 1 

X =iy^/u h^^flrS (*&%) •C:^$ix-53>'Vi'Kt:^#» 
i:, y^!?i>.'fb-^!^t(^jg-a-<**2 5 o~i o o o'Co? 
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[!^rFfi*cD«sia] 

8. 5±6fia:%T?, IIH6^{CHxCoOy [Ogxg 

1. 4, 1. 3^y^2. 2] (DifflfifeS:-e*a*n, C 

uKa^mMt-t^X^mtfTlCiSli-f^ 2 0 = 3 6~3 

5 — 0. IXa^Vl'h^Wfi •e^^tT. 

[fS*«4l WfE3ffi=i^Vwh{b-^iK);*^ *K6^(;: 20 
HCoO, tSri|$mir-rSfS*^ 

(»*«6l m^^^</^hi\:.-^9^i)K CoOOHt 
L.<ttco, o, • Hi o<K>~:^iiiiL\tm:^^^m-r^ 

[lt*«7l miE=»^^>*' h^b-^^JiS^ Co, O4 ^ 30 
3, 4*3j;t/6<Dl/^i*lX«»l«©yf=-5'A=i/'VUh^-g- 
[Sl*«8l WIB^^VVhffc^ifed^ CoOOHfc 

b<ttCoj o, • H, o<o—:^-^ti}-tm:^tco, o 
1. 2, 3, 4. 6i3J;tF7WV^-r^^;^l»l JS<oy^5'i^ 
[if*«9l WfEy^'>Aft;-g-!^;SS. y^'J'AcT?^ 

1 s-efc5 r ^r^rnt -r 5t»^« 1 0? y A 
ift^jsioi mt&m^a^s 2 5o~iooo^o?a 

im^m. 1 1 1 te*« 1 ~ 1 0 (OV ^-r*v;6» 1 3Sw:ibrfe 
llg^JSi2] M^^i 1 (^y NlS-a-^ 
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[0 00 1] 
[0 0 0 2] 

y ^ !?.i.sraft:-^i^tt, #€omffiiSroT-c y 

-imfn^mm. ^gl^4^Tv^s„ sssi^Kir Lr«> 

3>'VWh^y^'J'.i.;dS*'J)S*Tfc'?. S'b*S!)''itt;^ 

[0 0 0 31 Ld^L/^d5t>=i^VUhKy^!>-t.(^fi, ^ 

tliAt»i:i#p^^Bfe^<?5iRiffii:J^3S CJ. E 1 e c t o 
c h e m. S o c . 1 3 9. 2091 (1992) 

TV^So >5^;ii»5='^Vi'h^y^'J'Acoj>:^^<»9ib, % 
»S#tt Sr its S «lftf* r tt* T'iJ: ^yf- t>tvT V ^ 

[0 0 0 4] y^-^A^^K^bWi, ttSfflSiE 

So 

[0 0 0 51 rro^)£-e«. ^m.m^^^';^^^^/^x 

h^iii:m.tvxmm-^^. i^m^m-^^iMt.mm^m 

m^. L<4>^mmtL.xmm. ttm^^^ftmrnt^m-^f^ 
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[0 0 0 6] $ hi^iT^mim'^mm^t Lxitm^'^tc 

jfe [WO 9 2/1 8 4 2 5] 'fc,^f«f^l^fco 

x\t.^^ Lit =i^</w y A;a5 

Kift-C* Silt L i >r;#->'ComA*)J;i#5itR«gi^ 
[0 0 0 8] y^'>A-r;^-^^^!$cm*>5V^liS:ttAi^•5 

A^h. ^ h\^mmmvxmjt^nfc='^</u hm^m^^^ 
y</>hmt-r^:^m [ii#M¥5-54 8 8 8-§-] i)m^ 

[000 9] ^m(oykmit='y</i' h ^;!nif^*Q;3a i.xmm 
mm:^m 22593^] t.tl^$^^Tv^ 

[ 0 O 0 1 ol 7*c3brS*K)Ji^li«ri-T?(c:#-t-'5 3 

[Solid State Ionics 8 4 . 1 6 
9 (1 9 9 6) ] o Ud^LJfcdSfc. >5»36»5 

[0 0 0 1 1 1 



[000 1 2] 

10 fi;5568. 5±6l[a%-e. ^'R&<3|;iHxCoOy [O 
^x^l. 4, 1. 3Syg2. 2] 

CuKoS:il6«i:-rSXilSllHl»ftci3ttS2 e=3 6 
~3 7. S^f+iao^BlSft"— i^WH^^fitB^So. 3 1*J; 

(^) ^7. 5-0. 1 X h-^^fi: -C 

20 -rso 

[000 1 3] M^t4;SS{S< , t> L < 

m^i^x^^^^m^wm^h^o *§^tt<^)ffiv^='-'vu 

30 [OOO 1 4] !|#ic:*f*b<»i, HHfitJiCHCoO, 

* * -5 V M*f^«ia-r 5 r t i o r t L r * 
Stt, ii^i 0 o-cgr^-e^i^ixSfSjltie-e&siii: 

'b^tB-XffcSo it-B-IS3(Om<t^W^ 1 2 0~9 1 

OtJomat^ffl-rfi^tjnrtftvV L;!)^L9 1 ot;*® 

^^mi&xfi^mMMi^iS:< . RfS'ff>m'mmmt^£^ 

[000 1 5] f»*o.asrfT54i^<9ffl!a^ra«. mmm. 
40 «{:^'{>tfe#-r5ii5, ii^ft< irfc 1 0 ommxh^m^ 

Lv\ 10 0 ^ffiAn!S^i^^^t^^f^S^£:^*^S^^i^T L 

[000 1 6] -f **P*>s ^^WWa^VUh-fb^i^tt. 

HxCoOy [O^xSl. 4, 1. 3^yS2. 2] 
(^Mfiic^-eS^^tbSo y;asi. 3&.±X^ xiJSO^x^ 
50 1. 4, 3yVUh-&Wfi;JS6 8. 5±6MSi%<OflSm\^ 



5 

iikr<omB'x^\t. :^^m<D=iy</u hit^mt^^-^h 

lO O 0 1 7} :^mm(D:^y</Uhit'^m^i^rz.. CuK 
a^mutir^xi^mtffii^^t^^^x, Co, O, (O (3 1 
1) SJ-te^-rSEjFfiatbS 2 e = 3 6-^3 7. 5m 

[0 0 0 1 8] 1#{c$f * L < (1. mflBlEief t"-^ (^¥fa 

C02 o, - Ha O60— ^r*fcf*|^:6-Sr'^:#t"Sr ir^^s 
-e^So *^M<^=i^wh<t:-&fe«. Co, O4 

^m^. CoOOHfcL<J*Co2 O, - Hz 0<D—:)j 

CO 0 0 1 91 ^^l^o^^^vwh^k-^i^fs. y^[>-t.lS 
[000201 ^^i^TfamiEa^vv hfk^t&i: wiey 

^^{b!^5ri3it-rs„ iS!ig$*T.Sy^!>-t.=>/VVh^^ 
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(000221 V^'>Mt-t'^1&^t='y</i^\'it 
W#:?i-g-ft^iri-sr t t-etSo ^j^S-t// 
[000 231 ;*:^M»='^Vi' hfk^i^tt> Lo 

[000 24] :^%mff>V^^M.='y</l' h^-^Ufki^JJ: 
-i^. ^^^i;?>?i^, -rv;<f:/, ^i^i^^/K ^^-^i^ 

<^?^t^-e/^$n, *^McDy^?>Anyvvh«-g-i6fbife 
[000 251 iiewifi: < L-cPSSf^HfcSirffiflJil^ 

-g-^fki^ir So j^f?)cM«« 2 5 0 ~ 1 0 0 0 t<?3®H 
TfcS<^X)W*L-V\ 2 5 0"t*^(^>jaffi-t?JARjE£;;d5^ 

— 10 0 ox:^m^i>m.mx\•i^^^smm^^%li^i)i^ 
[000 261 «ii««iKtt«i^taa[jct>«fe#-rs;ss, m 

40 ;^«5 0 O-Ct^^^. />/fc< i:^>3 0^>eA±^a$H5 
htt^J^ifcv^r t;i»e>. S< 1 1 0 0^fSt?fc5<!0:SS 

(000 2 71 ^^^Hfc^lPfir^'Jil^g 

■f'Srir-CfBrtB-CfoSo a-i? y-^/vi^^-esKift^ 
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[0 00 2 8] 

Swfii»T/h*V>=ixVl' h-fb-^i^JSra^VI^ hast LTV^ 

^m^. tev ^iS^stS i ^ < fifes L tcl^^B^nti tJc v ^it# 
[000 291 — j[iJ^fiK:9-«>^l-&<^^*&— 

[000301 *«Wro«!jt*ftJ-i;ttfi, SSiS^tbS 

tr$tj»-rs i t J; . 5Si8;^ig<^iiSS^jgSr{*l# Life 
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[Slt6*9Ill rtT|g(?)C o OOH (Queensland Nickel Pt 
y. Ltd.M) COn/VWh-^^fi-at CuKa5rltaiir-rSX 
Ii{c:t3tt5 2 e =3 6 — 3 7. 5^Wjfi<7)lHltfft°— i?© 

^mm^m^L-f^t^^. 6 3. 21:4%^: 2. 55* 

=i^VUh^*Si:iNt4@<?3M^^S|ai <^ (1) t- 
OOH«>93. 2 g i: L i OH • H, Ot:4 3. 2g, 

7k5 0g*M^L. 9 o'Ci^r^jf LT2^ra^. ^@ 
Lfc)S&«c*5t«?mL, ^^{-1 o o-ccir 2^rBl^<gL 

[0003 21 ;::(DB^r^<*«lt^=^^:7 0 oicjiir s^MiSfe 

^Vtih. W-i^t&^6. 1 /t mWL i C o Oj ^5 9 7. 
5 g#t)tt;fco i<^L i C o O, ©9 OgP, >J?V5 
«H5> S.tJ5>Ky P'5'fbK'^y7'i^5«PJrN-^^>'Hft3 y 

5U(0:^V 7 •yit\f=^]) y'>K2 0U<ON- ;!^^/^tfo 
(000331 5 L-C#6Hy!:jEffi«. Affi^lC^iT. 

30 J0?(::A:7s'fby >'^y^>>-fc.ilri^/V'/y h/^^d^L 
JBeO. 2 0mA-em?&mj3E4. 2 V{c:;'i5*-r^Efl;L;fe 

[000341 -€r©i|g*SrTfBO^ 1 J-^t* Uifeo 
I«ll 

40 
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1 0 0if-<^^VU»(D 
tSfWSM (mAh/g 
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9 3. 8 
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93- 0 


mms 


1 59 


15 1 


95. 0 




159 


14 6 


9 1. 8. 


mm 5 


161 


1 50 


93. 2 


ttMtms 


108 


60 


55. 6 


tmm4 


14 1 


97 


6,8. 8 



mm»^ (96) 



1 0 01^-f ^n^m&mottmmm 
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[0003 5] 

(^>C o OOH (Queensland NickelPty. Ltd. 1 O 0 
gSr3 O 0*Cj;iT7^ra^ffl!au 8 9. 3s<0=iy</U 
hit^^ (2) ^nf:Lo ^(Dit'^m (2) (ooo^mm 
7 1 . 5 Sfi%T*fc . Ho x^C o Oi ^fiOmfife^-e 

0 = 3 6-3 7. 5*ff3ff(DlnIWlf-:J^^i[g«0. 6 

Snfeo :i<Dit^^ (2) <^8 2. 4 g i:L i OH • H 

,Ocr)4 3. 2 g^il^Jti^Lfc^. 7 0 0t:i^T5^ 
ftlj^fifebfcfc. ¥i^te^7. 8 /zm(DL i C0O2 ;55 9 
7. 9g#e>4x:rco r<?5L i C0O2 S:fflv^fc^i:S:l^ 

tit^. mi^<7)^l<^$P<'Cfcof:io 
[000 3 6] 

imMmsl mi^Mi^f^i sox^o:)! 5«Frat?feo3^r 

mmm2tmm\^i^x9 5. 5go=iy</vh<k 

fb-^ife (3) co^^/Wh-g-^Sf^e 

Jil. 8 6ST*$>oT. mi J:«9§ge>;0^/^cfc5{-. 

1J7 A h m-^mit^^m ^ hmti^x a*? 5 

i*lM^tbfCo fb-^^^ (3) CO8 8. OgirLijCO 
,c^3 8. 1 gSrJE'&}tl*Uf:i^> 6 0 0^{::T5NFra 
j^^bfce>. ¥i^3|^^3. 8 /zm(^L i C0O2 ;^59 
7. 1 g#^>nfcc r(^L i C0O2 t?:!^ 

[000 3 7] 



20 1^^. *J£0a2 ^[^^{^:LT8 7. 2 g(7)ri^</PHb-& 

^ (4) ^ntio it^m (4) (7:)r2yVPh^#4fi:7 

tWSi^fltLo iy:-^^ (4)08 0. 4gfcLi2CO 
,03 8. 1 g^?S-^}t«^Lyt«. 7 0 Ot^irr 3^Pb1 
j^^b/cb. ^i^3t&#5. 8 /imOL i C o ;d5 9 

7. 5 g#e>tt/to rOL i C0O2 Srfflv^^cr 

30 v^T^ifi^BI 1 h mm^ ltpss L/c^T^^/^-fe/u^z^m^itLit 

[0 0 0 3 8] 

[Sll(S0fj5] ri^Vl^h-g-^ae 4. 8afi%<DCoOO 
H(^l 0KgS:r3w->^y 2 O 0*C{^:T 

l^P^^^aSLT. 9Kg(^=i>'Vl-h>fb^i^ (5) ^# 
f^o fb-^fe (5) (^^n/VUb-g-WfiJ^e 8. 4M»%T* 
S>*9. Ho.5iCoO,.6T<?5Jfi^S:-e^^ttf::o X 

^(Oit'^m ib) (OB. 6Kg tL 12 CO5 (O 
3. 8Kg^S'^«f}^Lfc^, 6 0 O'Cim O^B,m 
^gbfc^), ^*S/3|^#9. 3 // mOL i C 0O2 9. 7 
Kg#??*tfCo r<^LiCo02 ^fflVNfcr irSrl^VNT 

f*> Bira!(^^io$p<-efcofco 

[0 0 0 4 0] 

[itiSeMi] «S^::i^</i^h<?:>7K^^K^J«}**ii:^^^5^ 
50 Tb. 5i@brKtt)mbfcWI±JiKJSr7K»lcbTl 4 O^tc: 
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TK:«b> 1. 3l[fi%<^57KSr'&*'bfcCoCO, ^# 
fco -<^c oCOsCDioog^ss o^(::t i b$Pb^^ 
AOfSLxee. 3 g(7>=2/'</i-hfti^#; (6) SrWfco 
(6) (^=i^vuh^*a:fi7 3. 5a[a:%-es>!9. 

X*^ofz.o Bll <J: (6) f^y^^^A 

=1 h ^-g^^fbiffe^ffl h Site: jg L T V ^ V > t 

»f$ttyho ^<Di\L^m (6)<^65gtLi2CO, CO 

3 0. 8 g^JS^}t}^L/h^. 7 0 ot:{c:T3^^mfiK 
LTL i C0O2 O^fig^^^fco L;^>^L/^d5?>. 

[0 0 0 4 1] 

2. 5fiS%(7)7k^^^L:r:iC o (OH) 2 
#e)ttfCo r.<Z)C o (OH) 2<^100gS:15 oX:\z. 

(7) ^mtio (7) <3o=j^vi-h^#a:fi7o. 

9aft%-r?fci9. Ho.46C oOL^com^S^-t^S^tt 
0. 3 7«t?fcof::o 01 J:9W^;^)>J^^J:9J-. (7) 

y ^ ^ ^ w v^^mitmm ^ ^<7^ v m\atm ur 

V^/^V^^^J»f*t^fCo ^(Dih^m ( 7 ) (7) 8 3 . 1 g t 
Li2CO»6^3 8. 1 g^il-a^Mff^bfc^^ 6 0 0*t: 

(^:T 5 m^^^ LT L i c o O2 (0^^i:^:^tLo 
[0004 2] 

[itee^ijsl itgJM2i:l^^{-Lrra«bfc<b'g^fe 

(7) L i 2 CO, COjg-^fr^^ 7 0 0t:iCT10^ 
;$59 7. 3 g#e>Hfcio roLiCoOa Srfflv^fcri: 

[00 043] 

[lttSEM4] itt!iCaj2-efflV^fcOi:l^«60Co (OH) * 



*2C9100g^l 2 0t:t^Tl. 5 B^FbII^^S bfc <t r 
6. 9 2. 0 g(7):ii^Vl^h{b^#I (8) ;^5#bnfcio ^t: 
(8) c^::i/V^h^Wfl:t:i6 7. Oft»%T*fc«9. 

(:i*5tt^Hu|SlHl5rt:^--^(7)^fitilgr^O. 3 S^T'fco 

f^o m\ ^^mhf>^'^^^o\^. (8) (iy^^7i>.=r/vi- 

fz.o ^(O (8) <D88. Ogi:LiOH*H2 OSr4 

3. 2. 7k5 0 g^ig^L. 9 ot:tc:T}tl*bT2B#r«1 

10 ^iabfc^&f^^St^WL. M(-l 0 0°CI^T2B#Fb1 

tio r <7)S(rK(^3Bt^FSr 9 0 0 ^t;::T 1 0 ^mm^ bfc 

^-5. ¥1^^^3. 3/imLiCo02;^5 95. 2g# 
htitio r<^L i C0O2 S:fflV^fcr i:^|^v^T*^£0iJ 

[0004 4] 
30 [0 0 4 5] 

[iaffi<^>fffi»*ittMj 

Si, CuKaSr«ft2gi:-r'5XilftlHlSfi^--i5^<^2e = 3 
6-3 7. 5«f+3a(Z>^^fflt<@<^>Bi^Sr;^'r0T-fc5o ^ 

5r i:*^i^LTV>5o 



40 



(8) i^mW- 1 1-4 9 5 1 9 




rfttUBl ¥J*1 0¥6^ 3 0 0 

i^m^iE 1 ] 

8. 5±6MS%'C, JISWJ^HxCoOy [OSx^ 
1. 4, 1. 3^y^2. 2] rom^SC■e^^^i^^ C 
uKatri^jJit-r^Xi^lHl^JctJt-J-S 2 6=3 6~4_0 

mH}S: -^M±^st^^-t^ mm\:f-if (D^mifi o . a 

ffiiH (ft) S7. 5-0. 1 x=3y<:/vF^#a (fig 
i:Sr«flSi:-r5it*«i«>y'9'5'-^=' ^^/i' h m-^mit¥a 

HC0O2 coffifiJt^T-Tj^^H^r t^iRpSSit-rsWjR* 

2 * ^dfi 3 © y ^ i> A hm-^it¥ii(Dmm:^&o 



[»*«5l BtrlBlKitoSiiS^ 9 1 OtJStT^ilftte 

[§»^JS61 fltrie^/vwhjb^ifejd^ coooHt 

L<ttCo, O, • H, 0<Z>— :J&4fcttji5:ferS:-&#-t-5 
t w-CfcS r i: S:«F!g:i;-rsi»*^ 1 ~ 4 w^■r^^*» 1 

im^^7] mm='y</^hit-^m^. co, o, s: 

3, 4*3j:t/6(DV^-f*T.d»l«cr)y^!}'A=iyVWh^'a' 
[»*«8l tfrlB^^Wh^b-a-il^-SS, CoOOHt 

L<faco, o, • H, o®— ;i&^Sfc«i^:;&i:Co, o 

1, 2, 3, 4, 6i3j;t/7«l/->-ftb*»lJ®C0y^!J'A 

[fS*«9i Btriey ^!>A{t;-^!^^^ y^-^/Ac^g? 
1 a-cfc5 r i: sritja ^; -r sfi*« 1 <^ y 5" A =>xvv 
[»*«iol BtrlEj^figd^ 2 5 o~i 0 0 o<C(^5ta 

1 1 1 1-10 (o^^-rtiA^ 1 m<r>:^m 

[»*jsi2i »*«i i©y^->i>.='^vph«-a'®e 




(9) 



[000 1] 
[0 0 0 2] 

mit!^\i. m^^J:^4 :^'<D^m'< 

XlifitUd^ilffl, ^«$^^TV^S<. miSSiKlKi: Lr«. 

[0 0 0 31 Ud»L»'i-asp>=i^^/V'hiiy^i>A{j:tt, ^ 

WA9Jci#5ifeSt&^^»«IXiaSi:l^36 [J. E 1 e c t o 
c h em. So c. 1 3 9. 2 091 (1992) ]dS 

[0 0 0 4] V'^<>M.m-^mitm-i. —ma^mms-it^ 

[0 0 0 5] :z<D:^mx\-i^ «■IS^|s^J*^>^55•^^^•^/^-C 
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L'^^mmtL.xmm. tm^'^fzmmf^m-^t^ 
[0006] $ hiz.:^m^m^mestm.t vxntm^'^t:: 

m^^o^. mm^X^i&lF-(DU:kith3\%f&:i\^x\.ii 
[000 71 «ffi®!!^Str«^i-5 y AJ^'gf 

& [wo 9 2/1 8 4 2 5] t>^ft$ttfCo i)>7!)^^:^m 

V K^«*U< ias«/i;fc«>. Xllfifjtiffiffl LJ::< 
[0 0 0 81 y^!>A-f:t->'S:i!Scta*>5l/^ttSttAtt5 

3^v^^2s<otfes^'^>fi^fTt>^^Tv^s, m^\-£. & 

d^h. ^tb>i^n»>mmvxmm^i:iti='^</^hmt^^=' 
y<A-hmt-r?>:^m mmw-5- 5 4 8 8 8^: Amm 

!^KAmi^®ntz.^Mcm!fS^i^i:mm,l'X\>^?> t>© i: »4SE 
[00091 «F«©7kfife<t=i^^/V h i:)M^mm LTfSfS 

iSigA-jfe [#M¥9-0 2 2 6 9 3^] t>^t^$t^TV^ 

L., ^e>('9 0 0'C-T?jKj5K^tt5XS5rSr#^>ixfc4 
[0 0 1 01 7^;6rfli*co?^«iSr-r-C{:iW-rS3# 

x='.'</i-hmv'^9-^^mtt-r5U^^>^fi^intz. [s 

olid State Ionics 8 4 , 16 9 

(1 9 9 6) ] o L;5^L/i;iSf>, rcD^r^tt, ^^^^^=1 

^whfb^j^i: 2fifaficoy5''i7A<b^^i^i)PffiL.T 



[0 0 1 1 1 

[0 0 121 

fi^S6 8. 5±6l[S%t?. ^K6<JJCHxCoOy [O 

SxSl. 4. 1. 3SyS2. 2] (Oia*^^-^*^ ^ 
n> CuKaSri^j!lt-t-5X«llH]^t;::t5tt5 2 e = 3 6 

0. 3l*±»);Jct<. a^^/i'h^^Siril^itffiwBltS 

M^mm (Si) 5-0. IXn/VWh-^W* 

[00141 L< tt. m^tf3\^nco o, com. 

^^Xm^ti^3m^^<.>i^hit-B-^X'i>^(Dt^. ^eco* 
~^xi>h^^^it^Mm-r^^ ti^X':>xi>^^i.x:^?^ 

iiJSi oo'icatfa-^**ix5«:«flxS-e*>sri:'t> 

■sifg-r&So it-B-!^<r>mit^i^i 1 2 o~9 1 o 
'Ca>iiifetefflT'fTfc>4xTt)Sv\ L:6^L9 l 0*GSrj||;t 

[0 0 151 llftAaa^firpS^roiQiSNfra^. *0;a?aK 
{-fc«K#-r5J)^ ii^tft< i: 1 1 0 0^ra-e$>S»;5S$f 
* Lv\ 10 0 ^raiaaSriggtttvfiSJSttSfSi^T b-c 

[0 0 1 61 -t-**?*>. ^^Ww^/vubfb-g-Wt, 3 
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xCoOy [O^x^l. 4, 1. 3^y^2. 2] W 
ia*SS;-e^%$tvSo yH^l. 3Sl±X. x;dSO^xg 
1 . 4 , =i^</u h-^^&iii 6 8. 5 ± 6 l[fl:%(^>^HJw 

[0 0 1 71 *^igcD=i/Vl'h'ft;^!fe{i4fc. CuKa 
Sri»jSi-r5Xi»lHlJfJ-*JV>T. Co, O, W (3 1 

1) B{-ft^-r-5(H]tfri:atv^2 0 = 3 6~3 7. bm 

fiKW.»iNS<©;dK o. 3 l*J;«9:^l?v^ri:SriI#ja 

*S (SS:%) (i?*L-C, ^mM^7. 5-0. ixn 

0. 3 l^J; ^)/^$v^^:, H+i-eoSfSttilriST^^-lirT 
L*v>»*U<*v^ NMiS[ffi*S7. 5-0. IX 

[0 0 181 mc»^v<iii^ mmm^i^-ifco^mm 

ifiO. 3 5*J;!9:^#<, a^Vl' h^WS** 7 4afi% 

Vo ^^Ww^^vw hfb-o-ifefi, CoOOH'{)b<ttc 
o, o, • Hj oco— :^*;rcf4(^;^^-g-^r-rsr ird^t? 
|tSo *%M053^VWKt:^i^«, Co, o« Sr 

i^fi^ C oOOHt L< ttC O, - Hz oc;?— 

So 

[0 0 191 2»ci6wro=«^vvh{b-a-«3tt, y^!>A«-a- 

ix5o y^!>^ffc^«»i:LTtt> y ^5' Atc^St^^-T 
e>, Sl9#ii'^W^#/i;&ii»»P>y^l?A(^)^{b!^. TK^^b 

[0 0 2 01 ^^mxiimtd.=iy</^hit-^i^tmt&V'^ 
^Mt'B-!^(om^t^.%:m^l.x. y^^>-^=■^v^^«-^ 




[0 0 2 11 :^mm<DV^^M,='y^/uhm-tmit!^t^i 

i;;iST-^5o -rfj:i:>lb. Bf ^^(^Buia y ^ 

[00 221 V'f-^j^it^!mm^t='y<yi^h^t'^ 

[0 0 2 31 ii^, *^BJ(Z)=3-'VI'h{li-^!t^f*, bo*» 

[0 0 2 41 ^mmff>vf-^j^='^<^i^hm^mitm^ 

A, 4>^J^J^. -^ly^:^. ^^s/'Jr/K -'^t^t^ 

[0 0 2 51 i^w^i: < vxmm^nt:imm{^m-^t^ 
mt^tii^o m^mMiiz s o—i o o ox^(ofsm-c 

fcS<Z)!9S»* 2 5 ot;*«S©jaft-Cf*SJ£:«s^i!§ 
1 0 0 0X:^^m^^mmX'\-im^mmi^iLini^^Z 

ft*)vxi.t.^f)^hxh^^ 
[0 0 2 61 m^^'^iim^mAi^hi^^-r^i^. mx. 

«'>/iV^r ir;S»e>, S< i: 1 1 0 O^K-efcSO^sjf * 
[0 0 2 71 m^:^mii. ^m^tii^M^i^'Pic^mir 
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5r t-Cb^tg-Xffc-So n-iJ' y-df/P^t^-Cijftt&^-a: 
[0 0 2 8] 

[f^ffli :^^m(Dv^^j^=^^</^vm.^mim<Dum:H 
m^. mnx(DRftM^mifyx\f^^A^ht^m^ix^o 

(0 0 2 91 mJ^fiK:9-<^>®-S-w^^-tB«^;*:i^ 

^^!t^i^^B(Dmmt mit>(Dmrf^\^x\^''f£\/-'!^ xmt>tiit 

[0 0 3 01 *:^BJ<7)^iS;^fel;iJ;ix}S, KJS^ns y 

[0 0 3 ll 

immm 1 1 pHgno. 5 LfeT:^^-r;rkt:i^=^ 



(12) 
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y</uh^6s. iag:%. Tk^gri. 2m&%. mm^ 

Lfcjrr^. 2. 5 5Ji^(^)M;^s#^>nyh. rtt^^Mfifea: 



1 (1) {c:^^n^j?D<^. ;4^^W(^y^ 

^^^Jgr^iXfCo r(?:)CoOQHgQ9 3. 2 g ir L i o 
H-H2 0^4 3. 2 g, 7K5 0 g^il-g^L^ 9 0^{C 

[00 3 2] ^(Dwmi^m^^ 7 0 o^jdT 3 ^mm^ 

Lfcib. ¥i&«i#6. 1 /zmOL i CoO, ;&59 7. 5 
g#e>Hf::o C1<^L i C0O2 <0 9 OgiS, ;J?7— Tt^^'S 
gp. S:t/7Ky ::7vy>ftiif:=^y^V5gp{;iN-^^/wt*'i=^ y 



h^r7i-^m\^m^Lx^mk. j^m\^xmm<Di^%^ 

tty-Kj»Srffiti9{ttt. :4^y^l^:7^ v^-feyN^lx-i^'Sr 

lftVX:^y=^>^u:^m'^>^^^—:^\^^^L-t:io j^v>t. 

{;iA:7 5'Cy >'®^y^?>i^Srl^/i-/y y h/^^;e»^LAc 

%^mm'^mm^m\^\ 2 5X:{c^\^^xm:k^mnM 

0. 2 0mA'C^?i.^/E4. 2 Vid/c^^^-C^HLfc 

^ /i-mi^ ^/v^ (om^m \^^tco 
[^11 



m 


(mAh/g) 


1 0 Oit-{ 1^^ A^yk<0 
firaSS (mAh/g 


(«) 




162 


152 


93. 8 




157 


146 


93. 0 




1 59 


1 5 1 


95- 0 




1 59 


146 


91. 8 




1 6 1 


150 


93- 2 




108 


60 


55. 6 


}mm4 


1 4 1 


97 


68. 8 



1^1} 



1 0 o-»-r ^/umBistinmemm 



-X 1 GO 



[0 0 3 51 

COCoOOHl 0 O gSr3 O oX^KXTfi^m^^MV. 
8 9. 3 Q(D:=^y</l^hit'^^ (2) ^m^o ^(Dit^m 
(2) cOCo'g"WSf*7 1. 5Sa%-Cfc«9^ Ho.,9C 

Xi^(HliFr{^*5tt'5 2 0 =3 6--3 7. 5 ;K{^3S(^)|Hlllf 



x»m.x^^tn^^fhfz.o ^(Dit'^m (2) <^8 2. 

4 giL i OH • H2 Oc^>4 3. 2 gSrS-^^l^Lfc: 

7 0 Ot:(r:T5B#ra«6figbfce>. 5p*&3ES7. 8// 
mCOL i CoOj ;$59 7. 9 g#fei^fCo rOLiCo 

02 ^m^i^ti^it^m^xmMmi tmm\^\^xmmi. 

[0 0 3 6] 

[*JEM3] i&«La;6Si 5 0°C(D1 5B#F^T*fcofcr 
Srl^#. «J6Crr|2 t|^«(;^LT9 5. 5 g <7> =1 ^^/U h ft 




(3) ^mco it^^ (3) (D::iy</Uh^^&l^e 

7. ofifl:%-efc«9. HomC o Oi.79<^ffifi8;S:T*^$ 
8 lai J: !9ig?>;5^>fcJ:5(-x 

t«®r^tvfCo it^^ (3) (7)8 8. 0 g ^ L i. CO 
.C03 8. 1 g^rJli-g^Jti^Lf::^. 6 0 O t:{CT 5 B#P«1 
j^^Kbfcb. 5piS3g[#3. 8 /imOL i C0O2 y55 9 

7. 1 g#bttfCo ::(^L i C0O2 ^fflV^f::rtS:l^ 

[0 0 3 7] 

m (4) ^ntz^o it^m (4) <D=i^vwb'&*»^7 

3. 3MS%'efo!9. Ho.o2CoO,.,4<^>ifi^S:T*$ 

ir^UBf^Ftufco ^b'&ife (4) COS 0. 4girLi2CO 

sCD3 8. 1 ^^m-^mWX.tz.m. 7 0 0t:irT3^F^ 
j^^b:fce>. ¥:^3K@5. 8 MHiOL i CoOa ;ei59 
7. 5g#e>ttfco ^<^>L i C0O2 tSrl^ 

[0 0 3 8] 

[31*6^95] ri^^/^h-g-Wfie 4. 8l[fi%OCoOO 

HCO 1 O Kg ^n — y ar/l^>^(;i>fctil2i^. 2 0 0^(CT 

lNFP«m«LSLT. OKgcT^ri^-^yl-hft;^^ (5) 

fco it^^ (5) h^W*fi6 8. 4Sfl:%T* 

r(Z)'fb-&'*fel (5) <D8. 6Kg L ia CO, <^3. 8 
h^W-^^^^^ 3 Mm<7:)L i C0O2 ;d59. 7Kg# 

bttfco r(Z)L i CoO, S^fflv^:rcr i:S:l*v>T*lfeM 

[0 0 4 0] 

1. 0 5^/P^a:cD^^7k^T^-^^^!>A7K^?KSr?B 
TL. 6igLT^«9aiL/5:Wai^^*»cLTl 4 Ot){c: 
1. SKS^/oC^^^^-eWLfcCo CO, Sr» 
fCo r^t^CoCO, 0 0 g^8 5 0^{;iTlB#FBlflft 

^SLT6 6. 3 gC?:)=i/Vl-hfhi'a'^ (6) ^ntz^o it 
(6) (59:=i>'Wh^^fi(^7 3. 5fia:%Tfcl9. 

x^lHlJfr{-fctt^ftuieiHl^t:^-i::^(?^*tttsfio. 3 oft 
T-fcof^o Em:<9W?>;&^;5;J:5(-. (6) f*y^!>iN 
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»f^tl.fCo ^(Dit-^m (6)0965ga:Li2CO5(7) 
3 0. 8 g^il'&itft^bfci^. 7 0 o^t;iT3B#PBm^R 
LTL i C0O2 cD-g^^Sr^^^^fco L;^^U?i;55^. jftfiJc 

[0 0 4 1 1 

irr^, 2. 5Sfi%(?57k^^^UfcCo (oh) « 

#fctt;fe:o -OC o (OH) 2<^>100gS:15 0*CJ;i 
X 1 5B#FBlf|!i^3SLT8 7. 1 g(D:^y</U hit^^ 
(7) Sr#fCo ^b^^ (7) (0:=iyVUh^m&\'^7 O. 
9 a[S%^fc 9 . Ho.46C o Oj ^C^M^S"^* 
fco x«llH]»rJ^:*5tt^WI20*fi^-i5'CC>^ttlif* 
O. 3 7«r**>o^co 01 <t (7) 

V^/^V^^:^plJ»fSi^ACo :i<Oit^m (7) (7>83. 1 g i: 
LijCO, <0 3 8. 1 gSrS-a^atS^Ufd^. 6 0 0t; 
{c:r 5^F«mfi!cUTL i C0O2 c^-a^fiK^^^fCo 
b/^;a5^. jiSlfiKiK?<^XjS[5lJFf0(ctiCO, O4 {^S-:5< 

[0 0 4 2] 

[itiss^ij 3 1 it^M 2 1 mm\c i.xmm x^tcit-^f^ 

(7) i:L i2 CO, Offi-^flcSr, 7 0 ot:(;iT 1 0^ 
m^^l^tit^l^. W-i^n.^ 5 . 3 m<7) L i C o O2 
^597, 3g#btbfCo r(^)L i C0O2 SrfflV^fcir i: 

?ft#ttfi. fl5iE<?5^1(7>jD<'Cfco;feo 
[0 0 4 3] 

[tt:tfe0a4i );mtm2xm\^^fz.(Dtmm(Dc a (oh) 

2 coi 0 0 g^l 2 o^tJiJin, 5^Wf»AEif3gLfci:i: 
9 2. o %(0^^<;vhit^^ (8) :^s^fei^;feo ft 
-a^fe (8) (7):=i/VP h-^^ifie 7. ofiS%-efei9, 
H1.2 ooo,.,,(Dm.^'Axm^nfz.o i^f^. y^mmisx 

fCo 01 JztJM^^^^c^J: (8) f^y^rJ^An/^/l. 

tz.o (8) C08 8. 0 g t L i OH • H2 OSr4 

3. 2. 7K5 O gSrS-^L. 9 OX^\Z.XW^\.X 2V^m 
fe@Ufc«&fli4rSt«9ttJL. Ml:::i 0 0^Ct;iT2^ra 

fco :i<Dmm{^MLl'i:9 0QX:\z.xiom^m^\^f^t 

r ^5. ^i^fe^ 13. 3 j/mLiCo02;&^95. 2g 

#^tt^Co -COL i C0O2 4:fflv^yhr ^l^v^T^^£ 

mi tmm^\^xmm\^f^'^y'j^^^^(DmM^mt,. m 
^(om 1 (7)$a < -efco }rco 

[0 0 4 4] 
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miEM^mn^] m 1 

[Hi] *^0^(i*3ttS y A ri/vi- 
fiir. CuKa^i^jjiir-rsxi^lHli^Tt:"— ^'CD2 e = 3 



